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_ABSTRACT

Films, when applied {rom solutions which have aged for™ -~
scveral weeks, appear to atford better corrosion protection to mectals
(based on results from testing in the controlled cyclic condensation
humidity cabinct) than do films applicd from more freshly prepared solu-
tions.

Half-Sccond Butyrate films modified with a dchydrated castor
alkyd have better adhesion to metal surfaces than do unmodificd films, but
inclusion of nonyl phenoxy acctic acid in the formulations again results in
poor adhesion. No success has been achicved in efforts to improve the ad-
hesion of Acryloid B-72 films thus far.

Falex wear test data fail to indicate any pattern of lubricative

differencces of various films which might be related to formulation variations,
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1. _INTRODUCTION o

Compositions based on Acryloid B-72, Half-Second Butyrate, ™

Epon 1007 and Ficcopale 100 evaluated as thin-film corrosion preventive
compounds in the controlled cyclic condensation humidity cabinet have showa
some degrece of cffectivencss. Unmodificd films of Acryloid B-72 and Epon
1007 fairly cffcctively prevented corrosion under the humidity cabinet test
conditions and were further improved in this respect by the addition of soine
corrosion inhibitors., Armcen C, a heterocyclic tertiary amine, improved
the corrosion prevention ability of Epon 1007 films bui was not particularly
cffeetive in other films tested, The cffectivencss of both acrylic and epoxy
filins as corrosion preventive compounds was cnhanced by the inclusion of
nonyl phenoxy acctic acid,

Both Ficcopale 100 and Iialf-Sccond Butyrate films, unmedified,
were comparatively incffective as corrosion preventives - particularly inof-
foctive were the Piccopale 100 films. Modification of [Piccopale 100 films with
Alox 2028 (a mixturc of oxy acids and csters derived from oxidation of
petrolcum fractions which contains a small amount of a sulfonate inhibitor) rc-
sult.d in a very offective corrosion preventive, Nonyl phenoxy acctic acid
proved to be benoficial in finproving the protection from attack afforded by Half-

Scceond Butyrate films.
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Armcen C, Alox 2028, and nonyl phenoxy acetic acid were aii

quite effective as corrosion preventives but lacked the neccssary filin qualities i
to bo acceptable materials for the solution of the pregent problem, Films in
which nonyl phenoxy acetic acid is employed have generally poor adhesion.

In films formed from Piccopale 100 -~ Alox 2028 mixturcs, small blistcrs and
somc hazincss is cvident after scveral days in the tuest chamber,

In order to further improve these films, small amounts of
polyvinylpyrrolidone, tctraisopropyl titanate and siliconc oils were added in
these formulations, Acctate - butyrate formulations were modificd with
FCD-5550 (a dchydrated castor alkyd) and acrylic formulations werce also
modificd with Acryloid C-10LV (a flexible, tacky acrylic polymer with better
adhcsion qualitics than Acryloid B=72),

Effcctivencss of materials was cvaluated by testing stecel, copper
and brass pancls, coated from test sclutions, for 7 days in the controlled
eyclic condensation humidity cabinct. Conditions of temperature and humidity
and timing cycles were maintained the samce as they had been in carlicr testing,
Effcets on lubricant propertics were studicd thus far with Falex Lubricant Tester

thrce-hour wear test.
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1. EFFECTIVENESS OF CORROSION

PREVENTION IN CYCLIC

CONDENSATION HUMIDITY CABINET

There was little improvement in effective corrosion pro-
tection obtalncd with filme from the newer compositions being reported
during the current period. Somce composition changes resulted in
drastically poorcr protection than was previously obtained with similar
filns, This was particularly truc of modifications of epoxy and hydrocarbon
(I)pon 1007 and Plccopalc 100) resin compositions, Some slight improve-
ments were noted with acrylic and acctate butyrate compositions, but
there were no dramatic improvements achleved.

I'rom the rcsults obtaincd in this teating pcriod, copper and
brass surfaces appear to prescnt less of a protection problem than do stecl

surfaccs. Acrylic and cpoxy films appeared particularly cffective.
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A, PICCOPALE 100 - ALOX 2028 COMPOSITIONS. ) T

. . .. - —— .]
Piccopale 100 compositions which had been shown previously i

to give films which protuct steel quite well under the conditions of testing
were modified in order to improve some of the characteristics of these filma,
In film thicknesses of 0.2 mils, composition #39 (Piccopale 100 - 75 pbw;
Alox 2048 - 25 pbw) allowed only minor pitting to occur on stecl pancls after
7 days cxposurc in the controlled cyclic condensation humidity cabinct, Ilow-
cver, thesc films were, after 4 or 5 days cxposure, uniformly coverced with
very small blisters which markedly reduced the clarity of the filins and made
inepection of the pancls difficult. ''o corrcct this condition and perhaps achicve
at least cquivalent protection at cven thinner film thicknesscs, scveral changes
were made to this comaposition.

The ratio of Alox 2028 to Piccopale 100 was untouched, but in
compositions 77 through 79 and 91 through 97 the solvent was changed from a
90:10 Tolucne-Butanol mixturc {Piccopalc formulations 39 and carlicer) to a
60:40 Xylol:Mineral Spirits mixturc., This was to slow down the cvaporation
rate and prevent "skianing over’ of the Plecopale film to reducc chances for
solvent untrapmunt:.. This was thought to be one possible causc of the blistering

obscrved in these films,



All corrosive attack observed on pancls protected with __
Piccopale compoaitions had begun as very fine pitting which grew steadily -
larger and morc numerous, If this condition of failure was the result of
moisturc penctration of the film, it was hoped that addition of a emall
amount of silicone oil would make the film surfacc more repellant to watcer.
In compositions 77, 78, 79, 93, and 94 silicone oils werc added in the amount
of 0.1 per cent of nonvolatile composition. None of these compositions ap~
pearcd to result in enhancement of protection.
Advawax P is a high molecular weight polybutenc with a melt-
ing point of 133-135."F. and Advawax M is a Ligh molecular weight polybutenc
and an amber colored microcrystalline wax having a melting point of 155°F,
These materials reduce moisture vapor permeability of wax filins and it was
hoped that a similar cffect would be achiceved in Piccopale 100 films. Compo-
sitions 95, 96, and 97 gave films which allowed considerably lcss pitting than
do comipositions 91, 92, 93, and 94. In the former compositions 1 per cent by
welght of the nonvolatile materials was Advawax M (96) or Advawax P {95 and

97).
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In formulations 91 through 97, tetraisopropyl titanate was

added to react any residual moisture on the metal surface and form a
TiO; film which would serve as a base coat for the polymeric film,
However, no bencfit was cvbserved that could bo attributed to the in-
clusion of this ingredient,

Aging of formulation 78 before application to mctal pancls re-
sulted in an unlooked for improvenmient in corrosion protection. IFilms firom
a freshly preparced composition (less than one week old) pernidtted about
onc-third of the metal surface to be covered with pitting rust.  This same
coraposition applicd twvo weceks later resulted in a filim which allowed only
onc-third as much pitting, Still another month later, the samce composition
when applicd gave a film resulting in onc-sixth the surfacce pitting as did the
original film. The samece cffect, to a lesser extent, was noted with acrylic
and acctate~butyrate filims (70, 71, and 76).

Although improved protection hag not becn obtained with new
Piccopale 100 compositions, there was no longer any cvidence of blistering
{although solvent entrapruent may have occurred as cvidenced by "rainbows'
in the films) and films appear glossivr and clearer after testing than pre-
viously. Morcover, the film thicknesscs of the newer compositions were less
than 0.1 mil as compared with 0, 2 mils thickncesses with the older compositions.
Hence, with compositions 95, 96, and 97, it might be said that some improvc-

ment in corrosion prevention had been obtained.
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B, ACRYLOID B-72 COMPOSITIONS.

Acryloid B-72 films which contained 10 per cent by weight
of nonyl phenoxy acetic acid (Composition #58; Quarterly Report Ne. 2) quite
cffcctively protected polished steel pancls from rusting when exposed in the
controlled cyclic condensation humidity cabinet. These filims, however, had
very poor adhesion and peeled rather freely with very little effort. This ad-
hcsion was notably leas than for films of unmodificd Acryloid B-72., Changes
in the compositions being reported on now werc made with concern for the ef-
fcet they might have on adhesion,

Compositions 70 through 75 and 88 contained a small amount
of polyvinyl pyrrolidone which 18 a good bonding agent on a wide variety of
smooth surfaccs. Possibly, it could improve the adhesion of these acrylic
filmsa to polished stecl, Since polyvinyl pyrrolidone is water sensitive, only
small quantitics were added to thcse compositions so that the moisturc re-
sistance of the films would not be impaired,

Acryloid C10LV is a tacky, {flexible acrylic resin which has the
best adhesion propertios of the family of polymers of this group. Some
Acryloid B~72 was reoplaced with Acryloid CIOLV (10 per cent by weight of the

acrylic portion of the comiposition) in formulations 72, 73, 75, and 90.

N
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Titanium dioxide films derived from titanium esters serve as
a basis for better adhesion of plastic materials to metal surfaces. Compoai-
tions 88, 89, and 90 included some tetraisopropyl titanate in order to affect
improved adhesion by this mcthed.

While there was some barely noticeable improvement in ad-
hesion for some films from thesc new acrylic compositions under some con-
ditions, the changes made in the compositions were gencrally unnoticeable,
Adhcsion of some films on brass and copper was somewhat better than for
these samce films on steel,

These changes, made to cffcect improved adhesion of acrylic
films, did not result in any appreciable change in corrosion protcction af-
forded by filing frow the previous formulations. Compositions 72, 73, 74,
and 75 allowed somewhat greater degree of pitting on test pancls than did films
from composition 59 (( uarterly Report No. 2). [PPancls coated with the newer
compositions were obscrved to have 5 to 10 per cent of the surface pitted
comparcd with 1 per cent for those coated with composition 59 (see Luarterly
Report No. 2). (As before, per cent of pitting rust under 10 per cent is
estimatced as onc-fourth of number of sinall pits observed.) Ilowever, the
film thickncas of coatings from compositions 70 through 75 and 88 through 90
averaged less than 0, 1 mil while carlier film thicknesses were in the neighbor-
hood of 0.2 mils. Compositions 88 through 90, all containing tetraisopropyl

titanate, deposited filims on pancls which allowed 5 to 10 small pits.

1
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Films applied from formulations 70 and 71 exhibited
similarly improved properties to those accomplished by films applied
from composition 78 (Piccopale 100 - Alox 2025). That is, fllms applied
from "older' solutions appeared to give better protection than those ap=
plied from "fresh' solutions. Perhaps, becausec of the lesser degree of
attack on the acrylic films, this effcct was not so pronounced as that ob~
gsoerved with composition 78. Adhesion of these films also appecared to have
been somewhat improved by ''aging' the solutions from which they were ap-
plied.

Gonerally, propertics of acrylic films applied from the newcr
compositions have not been altered from thosc of films applied from carlier

compositions.
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C. HALF-SECOND BUTYRATE COMPOSITIONS.

Half-second butyrate composition films (Code 53, Quarterly
Report No, 2) containing 10 per ecent nonyl phenoxy acetic acid were
equivalent to similar acrylic filras in corrosion protection propertics and
similarly exhibitcd rather poor adhcsion to polished steel surfaces. To im-
prove this condition of poor adhesion, formulations 76, 98, 99, and 100 were
preparcd, Basically, this change in composition was the addition of a de-
hydratcd castor alkyd (FCD555-B) which has been used to improve adhesion
of acotate-butyrate films on metal previously, Tetraisopropyl titanate was
also included in composition 100, whilc in composition 98, nonyl phenoxy
acetic acid was omitted. |

Adhcsion of films applied from compositions 76, 99, and 100
was not improved, while composition 98 filme (in which there was no noayl
phenoxy accetic acid prescnt) had appreciably better adhesion than the other
acctate-butyrate filmis, Adhesion of formula 76 films on brase and copper was
somewhat better than these films had shown on stecl surfaces (as was the casc
with acrylic films).

Corrosion protection afforded by thesc various cowmnpositioned

films was equivalent, all films protected stcel from rusting quite well,




D, EPON 1007 COMPOSITIONS,

Previous testing indicated that Armeen C, nonyl phenoxy
acctic acid and Glyconiul MA appeared to enhance the effectiveness of
Epon 1007 films as corrosion preventives. Several of these films, particularly
thosc compositions contaluing Glycomul MA, became whitened when exposed in
the humidity cabinet, To lessen moisturc, contact angles and penctration of
these films and thereby reduce their tendency to whiten, silicone oila werc
incorporated in these cpoxy formulations (Codes 80 through 84),

In compositions 81 through 84, the cffect of silicone oil was to
make the solutions autophobic, U'he siliconce was selectively adsorbed onto the
metal surface from solution and conscquently prescented a low energy surface
for the remainder of the solution to wet., With the silicone removed, the re-
mainder of the solution did not have sufficicatly low surface tension in order to
spread on the adsorbed silicone film. This condition was evidenced by con-
siderable "watering" or '"eyering'' of films applied from these compositions.
As a result, compositions 81 through 84 films could not prevent corrosive at-
tack on large arcas of uncoated metal surface when test specimons were ex-

poscd in the cyclic condensation humidity cabinet.
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The autophobic condition of compositions 81 through 84
was not evident with composition 80. However, protection afforded by
composition 49 films (no silicone present) appeared slightly better when
applied on stecl surfaces than was the protection obtained with composition
80 films. On brass and copper surfaces, contrary results were obtained -
the composition 80 films appearing to afford better protection.

The adhcsion of these Epon 1007 composition films is poorer
than should be the case for cpoxy resin filins and these films also scem too
brittle. It would appear that plasticluation of these compositions would be a

necessary modification.

J
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III. THREE~-HOUR FALEX WEAR TESTS

Test pins and blocks of the Falex Lubricant Testing Machine
were coated with several of the compositions prepared and three~hour wear
tests werce run on these parts. The pin and blocks were immersed in an oil
bath maintainced at 175°F., and the pin was rotated at 290 rpm between the two
V-shaped bearing blocks. The V-shaped bearing blocks are inserted in two
lever arms which constitute a load applying mechanism. A load of 120 poundas
was maintaincd during the test, Load is applied by turning an attached ratchet
wheel which scrves as an accessory wear measurement device. The amount of
wear on the test pin is determined by scribing the ratchet wheel at the beginning
of the test while the test pieces arc under a constant load and recording the
number of teceththat are taken up to maintain this load over the three-hour test
puriod. Each tooth of the ratchet wheel taken up is equivalent to 0, 0000556
inches of wear,

Five of the compositions when appiied appear to reduce the total
wear of the pins comparced with the wear of uncoated pins and blocks. Three of
thesc arc Piccopale compositions, (39, 91 and 97), one an acrylic composition
(89), and one an acetate-butyrate composition {100}, Therc has boen an insuf-
ficient amount of this testing to discover any patterns and draw any sort of

conclusions from the results obtained.

- 13 -
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IV, SUMMARY AND CONCLUSIONS

During the current quarter, ultra-thin film preservative
compositions previously shown to have promise were further modified in
order to improve some of the deficient properties of these compositions.
Generally, these formulation changes have not produced the rcsults de-
sired, although many of thesc compositions appear to be satisfactory cor-
rosion preventives.

The blistering which was observed with cxposcd Piccopale
100 composition filmey proeviously has been climinated, but these inodificd
compositions generally give poorer protection. Exceptions arc compositions
95, 96, and 97 which appcar to give protection equivalent to that obtained in
the older composition (39) and with thinner films. Thesc compositions all
contain a small amount of a Ligh molecular weight polybutence which may
have the effcct of reducing the motsture vapor permceability of these filius,

Acrylic composition films had been deficient in regard to the
adhesion of these {ilims to polished steel. This deficicney still exists after
modification of compositions with Acryloid C-10LYV, polyvinyl pyrrolidone
and tctralsopropyl titanate. It appears that nonyl phenoxy acetic acid is the

chief cause of the poor adhesion of these filmns.
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With acetate~butyrate compositions, the adhesion of films g
was improved when nonyl phenoxy acetic acid was eliminated and a dehy= g
drated castor alkyd, FCD555~B, included in the formulation. Thia E
composition (98) corresponds to a widely used clear metal lacquer for
coating aluminum, silver, brass and steel and other motals likcly to
tarnish.
Several cpoxy resin compositions (81-84) modified with
silicone oils became autophobic as a result of this change and weze unable
to ylcld integral films which could protect metals from rusting. It appcars
that cpoxy rcsin composition films ncod plasticization since these films are
quite brittle.
Three~hour Falex wear tosts were run on pins and blocks coated
with several of the corrosion preventive compositions. However, the data
thus far is insufficicnt to warrant any interpretations.
Aging of scveral of these solutions appears to have resulted in
improved {filkn propertics, particularly with regard to corrosion prevention,
Thia was an unlooked.for rcault of these investigations and this phenomena is
not being analyzed further unless further corroborative evidence is adduced.
Generally, films have been applied from solutions which were comparatively

{rcahly preparcd ~ that is, one to two weeks old at the time of application.
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V. FUTURE WORK

Further modification of Piecopale 100 -~ Alox 2028 comporitions
will follow the linc suggested by the results obtained with the addition of the
polybutene compounds (Codes 95, 96, and 97). Acetate=butyrate compositions
hased on formula 98 as a starting point will be investigated further, Plasticiza~
tion of Epon 1007 compositions with chlorinated biphenyls (such as Aroclors

1248 and 1254) and other non-reactive diluents will be pursued in an effort to

improve these compositions.

Respectfully submitted,

FOSTER D, SNELL, INC,

wi{//;{m m]'ﬁ /¢<P

William Miglas
Rescarch Chemist

/%WML// '

Bernard Berkeley
Project Director

WM/BBhn
Ozalid
August 27, 1963
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Table U1

RESULTS OF FALEX WEAR TEST

c Film Total Wear Reniarks
o {age of solution from
d Composition Gear Teeth Inches which film applied)
e
None 7 0.0003892 -
None 11 0.0006116 -
Piccopale 100 75.0
39 Alox 2028 25.0 2 0,0001112 12 weeks
39 " 2 0.0001112 17 wecks
Piccopale 100 74.53
Alox 2028 24,81
78 Polyvinyl- 11 0.0006116 2 wecks
pyrrolidone .51
DC-200(5 cstk) 0.15
Piccopale 100 74.25
Alox 2028 24.75
91 Tetraisopropyl- 6 0,0003336 2 wecks
titanate 1.00
Piccopale 100 74,17
Alox 2028 24,173
2?53 Teirvalsopropyl- 14 0.0007784 2 wecks
titanate 1.00
DC-200(200 cstk) 0,10
Piccopale 100 73.50
Alox 2028 24.50
95 Tetraisopropyl- 17 0.0009452 2 wecks
titanate 1.00
Advawax P 1.00
Piccopale 100 73.31
Alox 2028 24.44
97 Tetraisopropyl- 1 0. 0000556 2 weeks
titanate 1.00
Advawax P 1. 00
Polyvinyl-
pyrrolidone 0.25
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RESULTS OF FALEX WEAR TEST

c Film Total Wear Remarks
o (age of solution from
d Composition Gear Teeth Inches which {ilm applied)
v
Acryloid B-72 89,55
Nonylphenoxy
70  acetic acid 9.95 25 0.0013900 2 weeks
Polyvinyl-
pyrrolidone 0.50
70 " 13 0,0007228 7 weeks
Acryloid B=72 89.10
Nonylphcnoxy
acetic acid 9.90
88 Tetraisopropyl- 10 0.0005560 2 weeks
titanate 0.50
Polyvinyl-
pyrrolidonc 0.50
Acryloid B-72 89.10
Nonylphcnoxy
89 acctic acid 9. 90 2 0.0001112 2 weeks
Tetraisopropyl-
titanatc 1.00
Half~sccond
Butyrate 79.58
FCD 555=-B 6. 65
76 Nonylphenoxy 16 0.0008896 2 weeks
acetic acid 11,51
DC-200(5 cstk) 0.26
76 " 10 0,0005560 7 weeks
Half-second 90. 14
95  Butyrate 19 0.0010564 2 weaks
FCD 555-B 9.80

DC-200{200 cstk) 0.06
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RESULTS OF FALEX WEAR TEST

C Film Total Wear Remarks
o _ {age of solutivn from
4 Composition Gear Teeth Inches which film applied)
e
Hali=-sccond
Butyrate 80. 33
FCD 555~B 8,73
Nonylphenoxy
acctic acid 9. 90
100 Tetraisopropyl- 3 0.0001668 2 weeks
titanate 1.00
DC-200(200 cstk) 0.04
lspon 1007  90.00 =
49 Armecen C 10, 00 26 0.0014456 12 weeks
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